INTRODUCTION
============

World Breastfeeding Week is celebrated annually from 1 to 7 August to encourage breastfeeding and improve the health of babies worldwide. The World Health Organization and the United Nations International Children's Emergency Fund recommendations on breastfeeding are as follows: initiation of breastfeeding within the first hour after the birth; exclusive breastfeeding for the first 6 months; and continued breastfeeding for 2 years or more, together with safe, nutritionally adequate, age appropriate, responsive complementary feeding starting in the 6th month \[[@b1-kjfm-17-0023]-[@b3-kjfm-17-0023]\].

It is well known that breastfeeding has a significant impact on the health of mothers and children. Breastfed children show improvement in cognitive development, emotional stability, and social integration in the course of their growth \[[@b4-kjfm-17-0023]\]. Breastfeeding also prevents the development of allergic rhinitis and asthma even in children with a family history of atopic dermatitis \[[@b5-kjfm-17-0023],[@b6-kjfm-17-0023]\]. Furthermore, breastfeeding seems to have a small, but consistent protective effect against obesity in children \[[@b7-kjfm-17-0023]\]; moreover, it has been associated with a lower prevalence of hypertension and hypercholesterolemia in adulthood. In addition, breastfeeding mothers benefit from earlier return to prepregnancy weight. Furthermore, breastfeeding decreases the risk of breast and ovarian cancer in premenopausal women, and that of hip fracture and osteoporosis in postmenopausal women \[[@b8-kjfm-17-0023],[@b9-kjfm-17-0023]\].

While the importance of breastfeeding is becoming clear, there have been many studies on the association between breastfeeding and diabetes in other countries, including the United States, and the results of previous studies have shown that women who had never breastfed or never exclusively breastfed had an increased risk of type 2 diabetes \[[@b10-kjfm-17-0023]-[@b14-kjfm-17-0023]\]. Failure to breastfeed was also found associated with other cardiovascular risk factors, such as myocardial infarction and the metabolic syndrome \[[@b15-kjfm-17-0023]\]. However, few studies were performed on Korean women in this regard. Therefore, this study was conducted to evaluate the relationship between breastfeeding and the prevalence of diabetes mellitus in Korean young women aged 20--49 years (younger than Korean average menopause age). Few studies on women who are younger than menopausal age are currently available. This study aimed to investigate the association between breastfeeding and the prevalence of diabetes mellitus in Korean parous women by using the data from the Korea National Health and Nutrition Examination Survey (KHANES).

METHODS
=======

The KHANES was conducted to assess Korean health and nutritional status by extracting a nationwide representative probability sample from households representing the entire population. The present study was based on the data from the 5th--6th KHANES (2010--2014), which was a cross-sectional national survey, including comprehensive information on national health levels and behaviors. Of the 41,102 participants, 22,456 women were included. Of 6,486 women aged between 20 and 49 years, 976 nulliparous and 62 menopausal women were excluded. Finally, the data of 5,448 pre-menopausal parous women aged 20--49 years were analyzed in the present study. The parous women were defined as women who had experience of delivery, including normal or preterm delivery, regardless of live birth.

Patients with diabetes were defined as those having a fasting glucose level ≥7 mmol/L, having been diagnosed by a physician as having diabetes, or using antidiabetic medications or injected insulin. Each participant reported whether she had ever been diagnosed by a physician as having diabetes. In addition, the subjects were classified according to whether they had breastfeeding experience. The subjects were asked to respond to the following questions: "Have you ever breastfed?"; "How many children have you breastfed?"; and "How long have you been breastfeeding?" Those who had breastfed were classified into three groups based on the total duration of breastfeeding regardless of the number of children: 0--6 months, 6--12 months, and \>12 months. The covariables included age, body mass index (BMI), education level, income, alcohol drinking, smoking, family history of diabetes mellitus, use of oral contraceptives, the number of pregnancies, and regular exercise.

Information was collected during the health interview survey. The BMI was a measure of body fat based on height and weight, and was expressed in kg/m^2^. Education level was categorized into four groups by the subject's highest achieved level: below elementary school, middle school, high school, and college or higher. Income was also divided equally into three groups based on the monthly income of the entire household: low, middle, and high. Smoking status was divided into three categories: nonsmoker, ex-smoker, and current smoker. Alcohol drinking was divided into three groups: group "none" included participants who had never been drinking alcohol. Severe drinking was defined as drinking ≥5 drinks each time at least 2 or more times a week. Other participants were classified as mild to moderate drinking. Regular exercise was defined as ≥30 minutes of walking and ≥5 days a week. A positive family history of diabetes was considered when either mother or father of participant had diabetes mellitus. Menopause status was indicated as 'yes' for participants who answered natural or artificial menopause.

For the subjects in the 2010--2014 KHANES to represent the entire Korean population, we applied weight sampling to take the complex sampling method into account. Mean values of continuous variables such as age and BMI were compared among the four groups using analysis of variance followed by post hoc analyses. The chi-square test was used to analyze the distribution of each factor across the duration of breastfeeding. After adjusting for all variables, including age, BMI, education level, income, alcohol drinking, smoking, family history of diabetes, use of oral contraceptives, the number of pregnancies, and regular exercise, complex sampling logistic regression analysis was performed to determine the association between breastfeeding and the prevalence of diabetes mellitus. Statistical analysis was performed using IBM SPSS ver. 20.0 for Windows (IBM Corp., Armonk, NY, USA), and a P-value \<0.05 was considered statistically significant. This nationwide survey was approved by the Institutional Review Board (IRB) of the KCDC (IRB: 2007-02-CON-04-P).

RESULTS
=======

Of the 5,448 subjects, 1,181 parous women (21.7%) had never breastfed and 4,267 parous women had breastfed. According to the duration of breastfeeding, 22.8% of women breastfed for 0--6 months, 17.0% of women breastfed for 6--12 months, and 38.5% of women breastfed for \>12 months. The prevalence of diabetes among breastfeeding women was 2.2%, 2.6%, 3.2% in women who breastfed for 0--6 months, 6--12 months, and \>12 months, respectively. The baseline characteristics of the subjects based on the duration of breastfeeding are shown in [Table 1](#t1-kjfm-17-0023){ref-type="table"}. Participants who had not breastfed showed higher prevalence of diabetes mellitus than participants who had breastfed. BMI, smoking, alcohol drinking, family history of diabetes, use of oral contraceptives, the number of pregnancies, education level, regular exercise, and income were significantly different according to the duration of breastfeeding ([Table 1](#t1-kjfm-17-0023){ref-type="table"}).

The factors associated with diabetes mellitus, odd ratio (OR), and 95% confidence intervals (CI) are shown in [Table 2](#t2-kjfm-17-0023){ref-type="table"}. Logistic regression analysis with the presence of diabetes as dependent variable showed that OR of diabetes prevalence was 0.538 (95% CI, 0.360--0.803) for those who breastfed compared with those who did not. After adjusting for all variables, including age, BMI, education level, income, alcohol drinking, smoking, family history of diabetes, number of pregnancies, use of oral contraceptive, and regular exercise, the OR of diabetes mellitus presence was 0.590 (95% CI, 0.383--0.909) for those who breastfed compared with those who did not, showing a statistically significant association (P\<0.05) ([Table 2](#t2-kjfm-17-0023){ref-type="table"}).

The ORs and 95% CI for diabetes according to the duration of breastfeeding are shown in [Figure 1](#f1-kjfm-17-0023){ref-type="fig"}. The results of the analysis showed that without adjusting for variables, the ORs of diabetes were 0.420 (95% CI, 0.237--0.741), 0.504 (95% CI, 0.287--0.885), and 0.622 (95% CI, 0.394--0.982) for women who breastfed for 0--6 months, 6--12 months, and \>12 months, respectively, compared to those who did not, showing a statistically significant difference. After adjusting for all variables, including age, BMI, education level, income, alcohol drinking, smoking, family history of diabetes, number of pregnancies, use of oral contraceptives, and regular exercise, the ORs of diabetes were 0.534 (95% CI, 0.289--0.976), and 0.575 (95% CI, 0.321--0.990) for women who breastfed for 0--6 months and 6--12 months, respectively, compared to those who did not, showing a statistically significant association (P\<0.05) ([Figure 1](#f1-kjfm-17-0023){ref-type="fig"}).

DISCUSSION
==========

In this cross-sectional study of 5,448 premenopausal parous women, we found that breastfeeding was associated with diabetes mellitus. The results showed that the prevalence of diabetes mellitus was reduced in women who breastfed compared with those who did not. In addition, we found that the prevalence of diabetes was lower in women who breastfed for 0--6 months and 6--12 months compared with those who did not.

Many previous studies assessed the association between breastfeeding and diabetes mellitus. Zhang et al. \[[@b10-kjfm-17-0023]\] found that women who did not breastfeed had an increased risk of diabetes mellitus compared with those who did (OR, 1.30; 95% CI, 1.11--1.53), and that the risk was reduced in women with a duration of breastfeeding of 0--6 months (OR, 0.81; 95% CI, 0.67--0.98) and 6--12 months (OR, 0.46; 95% CI, 0.26--0.84). In a study by Stuebe et al. \[[@b11-kjfm-17-0023]\], which was a cohort study performed on women in the United States, a longer duration of breastfeeding was associated with a lower prevalence of type 2 diabetes mellitus in women. Villegas et al. \[[@b12-kjfm-17-0023]\] also found that women who had breastfed had a lower risk of diabetes mellitus than those who had never breastfed (relative risk, 0.88; 95% CI, 0.76--1.02; P=0.08). A longer duration of breastfeeding was found associated with a reduced risk of type 2 diabetes mellitus. Liu et al. \[[@b14-kjfm-17-0023]\] reported a 14% reduced risk of diabetes mellitus in women who breastfeed compared with those who do not. The present study also found that the prevalence of diabetes mellitus was reduced by about 50% in those who breastfed for 0--6 months and 6--12 months compared to those who did not breastfeed. Compared to other studies mentioned above, this study showed very low ORs. This study included women who were aged 20--49 years. However, other studies included older women in the age group of 50--80 years. Moreover, this study had a relatively low prevalence of diabetes mellitus. As women aged below 50 years are less exposed to environmental factors, breastfeeding could be more affective to them. These factors might have influence the lower ORs of diabetes mellitus compared to other studies.

In this study, we found that the prevalence of diabetes mellitus was reduced in women who had breastfed compared to those who did not. However, the association between the duration of breastfeeding and the prevalence of diabetes mellitus could not be found. More specific and continuous studies related to this relationship should be conducted in the future.

The group of women who breastfed \>12 months showed no statistically significant association with diabetes mellitus. There was no evidence that longer duration of breastfeeding was related to an increased amount of breastfeeding. Every woman had different style of breastfeeding related to frequency, time of breastfeeding, etc. In this study, information was collected about the total duration of breastfeeding in lifetime, not about the way of breastfeeding. We consider that as the duration of breastfeeding increases, the difference between the duration of breastfeeding and a real amount of breastfeeding also increases. This could be the reason why the group of women who breastfed \>12 months showed no statistically significant association with diabetes mellitus. In addition, unnecessarily long duration of breastfeeding might have no association with the real prevalence of diabetes mellitus. Many studies assed the effect of long-term breastfeeding that lasted \<12 months \[[@b10-kjfm-17-0023],[@b11-kjfm-17-0023],[@b13-kjfm-17-0023],[@b14-kjfm-17-0023]\]. However, the effect of breastfeeding for more than 12 months was rarely evaluated.

The mechanisms underlying the association between breastfeeding and diabetes mellitus had not yet been clearly elucidated. However, several studies had shown that breastfeeding improved insulin sensitivity and glucose intolerance, which might reduce the risk of diabetes or delay its development. It was also reported that breastfeeding was associated with improved fasting glucose and reduced insulin levels, especially in those with recent gestational diabetes mellitus (GDM) \[[@b16-kjfm-17-0023]\]. Breastfeeding had been reported to improve pancreatic beta-cell function \[[@b17-kjfm-17-0023]\], and to have beneficial effects on insulin sensitivity and glucose and lipid metabolism in women with GDM \[[@b18-kjfm-17-0023],[@b19-kjfm-17-0023]\]. Furthermore, it was reported in an animal study that breastfeeding increased insulin sensitivity and reduced plasma glucose concentration \[[@b20-kjfm-17-0023]\]. Blood glucose and insulin levels in lactating rats decreased by 20% and 35%, respectively, when compared with the levels in non-lactating rats \[[@b21-kjfm-17-0023]\]. The long-term effects of breastfeeding were to influence pituitary hormone levels \[[@b22-kjfm-17-0023],[@b23-kjfm-17-0023]\] and to affect the hypothalamic-pituitary axis \[[@b24-kjfm-17-0023],[@b25-kjfm-17-0023]\].

This study had several limitations. First, the cross-sectional design of this study prevented identification of a causal relationship between the prevalence of diabetes mellitus and breastfeeding. Second, recall bias might have existed, because the duration of breastfeeding was measured using self-directed questionnaires. Third, as the women with a history of GDM had an increased hazard for developing diabetes mellitus \[[@b26-kjfm-17-0023]\], it should be included as a covariable. However, we failed to add it because of the lack of data.

With growing emphasis on its importance, people are increasingly concerned about breastfeeding. Although the rate of breastfeeding in South Korea was low in 2000, it has been increasing gradually over the past 10 years \[[@b27-kjfm-17-0023]\]. However, continuous efforts are needed to further increase the rate of breastfeeding in the future.

In conclusion, the present study found that the risk of diabetes mellitus was reduced in women who breastfed when compared with those who did not. Although various studies had been conducted in this regard, the precise mechanism for this relationship has not yet been elucidated. Further studies should be performed considering each duration of lactation as a confounder for prevalence of diabetes mellitus.

No potential conflict of interest relevant to this article was reported.

![(A, B) Odd ratios for diabetes according to the duration of breastfeeding. Complex sample logistic regression analyses were adjusted for age, body mass index, alcohol drinking, smoking, family history of diabetes, number of pregnancies, use of oral contraceptive, income, education level, and regular exercise.](kjfm-17-0023f1){#f1-kjfm-17-0023}

###### 

Baseline characteristics of study subjects based on the duration of breastfeeding

  Characteristic               Duration of breastfeeding (mo)   P-value                                
  ---------------------------- -------------------------------- ------------ ------------ ------------ ------------------------------------------------------
  Diabetes                     5.1 (0.8)                        2.2 (0.5)    2.6 (0.6)    3.2 (0.5)    0.021^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
  Age (y)                      40.76±0.2                        38.45±0.2    38.57±0.3    39.06±0.1    0.078^[†](#tfn2-kjfm-17-0023){ref-type="table-fn"}^
  Body mass index (kg/m^2^)    23.17±0.1                        22.65±0.1    23.00±0.1c   23.31±0.1c   0.003^[†](#tfn2-kjfm-17-0023){ref-type="table-fn"}^
  Smoking status                                                                                       
   Non-smoker                  85.1 (1.3)                       84.3 (1.3)   82.6 (1.6)   87.5 (0.9)   0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
   Ex-smoker                   6.2 (0.8)                        8.3 (0.9)    11.1 (1.3)   7.7 (0.7)    
   Current-smoker              8.7 (1.0)                        7.5 (0.9)    6.3 (1.1)    4.8 (0.6)    
  Alcohol drinking                                                                                     
   None                        7.7 (0.9)                        7.1 (0.8)    9.0 (1.1)    7.8 (0.7)    0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
   Mild to moderate            85.3 (1.2)                       85.8 (1.2)   85.6 (1.4)   86.1 (0.9)   
   Severe                      7.0 (0.9)                        7.1 (0.9)    5.5 (0.9)    6.0 (0.6)    
  Family history of diabetes   26.8 (1.6)                       23.4 (1.5)   22.7 (1.6)   22.7 (1.1)   0.021^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
  Use of oral contraceptive    9.6 (1.1)                        12.5 (1.1)   9.8 (1.1)    8.6 (0.7)    0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
  Regular exercise             29.6 (1.6)                       33.8 (1.7)   35.3 (1.8)   36.6 (1.2)   0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
  No. of pregnancies                                                                                   
   1, 2                        42.6 (1.7)                       52.0 (1.7)   50.7 (1.9)   39.0 (1.2)   0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
   3, 4                        43.8 (1.7)                       37.9 (1.6)   38.4 (1.9)   44.9 (1.3)   
   ≥5                          13.8 (1.2)                       10.2 (1.0)   10.9 (1.3)   16.0 (1.0)   
  Income                                                                                               
   Low                         8.1 (1.0)                        6.1 (0.9)    8.5 (1.1)    6.9 (0.9)    0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
   Middle                      58.5 (1.8)                       61.9 (1.7)   65.8 (1.8)   66.1 (1.3)   
   High                        33.4 (1.7)                       31.9 (1.6)   25.7 (1.7)   26.9 (1.2)   
  Education level                                                                                      
   Elementary                  3.8 (0.7)                        2.1 (0.5)    2.0 (0.6)    3.9 (0.6)    0.020^[\*](#tfn1-kjfm-17-0023){ref-type="table-fn"}^
   Middle school               6.0 (0.9)                        4.4 (0.8)    4.9 (0.9)    7.5 (0.7)    
   High school                 54.4 (1.8)                       44.7 (1.7)   50.8 (2.0)   45.6 (1.3)   
   College or higher           35.8 (1.7)                       48.8 (1.8)   42.3 (2.0)   43.0 (1.3)   

Values are presented as mean±standard error or % (standard error). P\<0.05 by post hoc analyses when compared with subjects who did not breastfeed.

Categorical variables were analyzed using the complex sampling chi-square test.

Continuous variables were analyzed using complex sampling analysis of variance.

###### 

Odd ratios (95% confidence intervals) of having diabetes after adjustment for multiple covariables

  Variable                     Unadjusted             Adjusted^[\*](#tfn3-kjfm-17-0023){ref-type="table-fn"}^
  ---------------------------- ---------------------- ---------------------------------------------------------
  Age                          1.090 (1.054--1.128)   1.064 (1.024--1.107)
  BMI                          1.258 (1.214--1.304)   1.255 (1.205--1.308)
  Breastfeeding                                       
   Never                       1                      1
   Ever                        0.538 (0.360--0.803)   0.590 (0.383--0.909)
  Alcohol drinking                                    
   No                          1                      1
   Mild to moderate            0.409 (0.233--0.717)   0.426 (0.241--0.751)
   Severe                      0.523 (0.204--1.338)   0.513 (0.183--1.442)
  Smoking                                             
   Nonsmoker                   1                      1
   Ex-smoker                   0.741 (0.364--1.507)   0.879 (0.420--1.841)
   Current smoker              0.590 (0.271--1.283)   0.401 (0.160--1.002)
  Family history of diabetes                          
   No                          1                      1
   Yes                         2.892 (1.980--4.224)   2.991 (1.978--4.525)
  No. of pregnancies                                  
   1, 2                        1                      1
   3, 4                        1.155 (0.762--1.752)   0.908 (0.576--1.432)
   ≥5                          2.347 (1.461--3.770)   1.528 (0.903--2.585)
  Use of OC                                           
   No                          1                      1
   Yes                         1.126 (0.587--2.161)   1.030 (0.527--2.014)
  Regular exercise                                    
   No                          1                      1
   Yes                         0.836 (0.559--1.251)   0.772 (0.496--1.200)
  Income                                              
   Low                         1                      1
   Middle                      0.503 (0.281--0.903)   0.520 (0.264--1.023)
   High                        0.476 (0.255--0.888)   0.605 (0.285--1.282)
  Education level                                     
   Elementary                  1                      1
   Middle school               0.829 (0.304--2.259)   1.643 (0.532--5.074)
   High school                 0.600 (0.255--1.416)   1.560 (0.604--4.028)
   College or higher           0.258 (0.104--0.642)   0.927 (0.333--2.579)

Values are presented as odds ratio (95% confidence interval).

BMI, body mass index; OC, oral contraceptive.

Complex sample logistic regression analyses were adjusted for age, BMI, alcohol drinking, smoking, family history of diabetes, menopause, number of pregnancies, use of OC, income, education level, and regular exercise.
